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Microscopic emphysema in relation to age and
smoking habit

M Gillooly, D Lamb

Abstract
Background-The increases in airspace
size within the human lung associated
with microscopic emphysema can be
assessed by measuring the airspace wall
surface area per unit volume of lung
tissue (AWUV). In a previous study the
limits of normality of AWUV with age
were estimated in lifelong non-smokers
by the 95% prediction limits of the
regression line for these variables. The
aims of this study were to study the inci-
dence of microscopically assessed
emphysema in a group of smokers and to
examine the influence of smoking habit
on the susceptibility to and severity of
microscopically assessed emphysema.
Methods-AWUV was measured on tis-
sue sections from 125 lung specimens
obtained from tobacco smokers (mean
age 61-1 (range 33-85) years) with the fast
interval processor, a rapid automatic
scanning device. The mean AWUV value
was calculated for each specimen and
this figure was plotted against the age of
the subject. The limits of normal AWUV
were plotted, and AWUV values below
these limits were taken as indicative of
microscopically assessed emphysema.
Details of the number of cigarettes
smoked each day were obtained for 97 of
the smokers. These subjects were
grouped according to smoking habit:
group 1, 1-19 cigarettes/day; group 2,
20-29 cigarettes/day; group 3, at least 30
cigarettes/day. The AWUV results from
each of these groups were then assessed.
Results-Mean AWIV decreased with
age in this group of smokers, but only
26% had microscopically assessed
emphysema, indicating that within the
group there were two subgroups ofsmok-
ers with differing susceptibility to micro-
scopically assessed emphysema. There
were no sex differences in the incidence
of microscopically assessed emphysema,
nor were the incidence and severity
increased with increased daily cigarette
consumption.
Conclusions-Susceptibility to micro-
scopically assessed emphysema was
found to be similar in male and female
smokers. Daily cigarette consumption
did not appear to be the primary factor
influencing the susceptibility to or

severity of microscopically assessed
emphysema. Susceptibility differences
within the smoking population should be
taken into consideration in studies of the
pathogenesis of emphysema.

(Thorax 1993;48:491-495)

Various definitions of pulmonary emphysema
have been proposed,lA all of which include
reference to the abnormal enlargement of air-
spaces distal to the terminal bronchiole. The
accurate diagnosis of emphysema in patho-
logical specimens has been difficult because,
although normal airspace size is thought to be
in the region of 250 pum,56 until recently the
limits of normality of airspace size have been
undefined.

In most previous studies the presence and
extent of emphysema has been assessed by
examining whole slices of fixed inflated lung
specimens, where airspaces larger than 1 mm
in diameter were considered emphysematous.
Macroscopic techniques are insensitive to the
early stages of the disease, when although the
airspaces have become enlarged, the average
diameter is still less than 1 mm,7 but they are
sensitive to focal abnormalities-for example,
centriacinar emphysema or foci of paraseptal
emphysema, which may be visible in a lung
with otherwise normal airspaces.

As noted previously,8 many of the micro-
scopic techniques available for assessing
emphysema have been subjective. Objective,
quantitative techniques such as mean linear
intercept (Lm) have been limited in their use-
fulness in identifying early emphysema by the
absence of baseline data. We believe that
objective, quantitative methods should be
used in the study of early (microscopic)
emphysema, and that airspace size should be
measured. Airspace size can be quantified
indirectly by measuring airspace wall surface
area. We have developed a rapid automated
technique for measuring airspace wall surface
area per unit volume of lung tissue (AWIJV)."

In a recent study we found a linear decline
in mean AWUV with advancing age in 38
adult lifelong non-smokers, indicating an
increase in airspace size with age.9 The limits
of normality for mean AWUTV were estab-
lished from the 95% prediction limits of the
regression line relating mean AWUV to age.
A generalised increase in airspace size within
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a lung is reflected in a decrease in the mean
AWUV for that lung. We suggested that
mean AWUV values below the 95% predic-
tion limits were considered indicative of
emphysema, and that the emphysema
detected by measuring changes in AWUV
should be called microscopically assessed
emphysema.
The aims of this study were (1) to measure

AWUV in the lungs of a group of smokers
and to observe the relationship between mean
AWUV and age in these smokers; (2) to
observe the incidence of microscopically
assessed emphysema in this group; (3) to
examine the sex differences in the incidence
of microscopically assessed emphysema; and
(4) to examine the effect of smoking habit on
the development of microscopically assessed
emphysema.

Methods
STUDY SAMPLE
Lung specimens from 125 smokers were
included in the study. This sample included
complete lungs obtained at necropsy from 26
subjects, and 99 lobes obtained by surgical
resection for treatment of a peripheral
tumour. In our recent study of whole lung
specimens obtained at necropsy we found
that, in the absence of severe macroscopic
emphysema, there was no apex to base varia-
tion in AWUV values within individual lobes,
and there were no differences in mean
AWUV between the upper and lower lobes.10
We have also found that, when microscop-
ically assessed emphysema was present, its
incidence was similar in the upper and lower
lobes of the lungs (unpublished observation).
We are therefore satisfied that AWUV mea-
surements from a single lobe may be accepted
as representative of the whole lung.

There were 95 men and 30 women in the
sample, whose ages ranged from 33 to 85
years (mean 61d1 years). Smoking histories
were obtained from interviews with clinicians
before referral for surgery, and those of the
necropsy cases were recorded at interviews
with relatives at the time of death, or
obtained from clinical records. Data were not
collected in a way which allowed pack years
to be calculated.
The smokers were divided into four groups

on the basis of their smoking habit: group 1,
1-19 cigarettes per day; group 2, 20-29
cigarettes per day; group 3, 30 or more ciga-
rettes per day; group 4, cigar or pipe smokers.
Twenty six specimens were retained from a
group of cases where details of the smoking
habit were limited. These specimens were
included in all the analyses described below,
except analyses relating to daily tobacco con-
sumption.

TISSUE PROCESSING AND SAMPLING
Lungs or lobes were inflated intrabronchially
with 10% buffered formalin at a pressure of
25 cm H,O and fixed in 10% buffered forma-
lin for a minimum of 24 hours. Following
complete fixation they were cut into 1 cm

parasagittal slices. A minimum of six 2 cm x
2 cm blocks were selected from the mid sagit-
tal slice in the necropsy specimens, and from
the lateral two subpleural slices in the surgical
specimens, as described previously.9 The
blocks were processed in glycol methacrylate
resin, and a 3 ,um histological section stained
with haematoxylin and eosin was taken to
represent each block.

MEASUREMENT OF AWUV
Each tissue section was scanned with the fast
interval processor (FIP) automated scanning
system8 to measure the mean linear intercept
(Lm). AWUV was then calculated using the
formula AWUV = 2/Lm.8 The mean AWV
(expressed in mm2/mm3) was then calculated
for each specimen.

DATA ANALYSIS
The mean AWUV was plotted against age for
the 125 smokers. The Spearman correlation
coefficient for the AWUV-age relationship
was calculated. The limits of normal AWUV,
derived in our recent study,9 were plotted to
allow the assessment of the incidence of
microscopically assessed emphysema in this
sample of smokers.
The regression equations for the

AWUV-age relationships in the men and
women were calculated, and multiple regres-
sion analysis was performed in an attempt to
identify any sex differences.
The severity of microscopically assessed

emphysema was assessed by expressing the
mean AWUV from each lung specimen as a
percentage of the value of the lower limit of
normal AWUV for the subject's age. A per-
centage value of 100 or more therefore indi-
cated an AWUV at or above the lower limit
for the subject's age, and lungs with micro-
scopically assessed emphysema had AWUV
values which were less than 100% of the
lower limit.

Results
AWUTV decreased with advancing age, indi-
cating that airspace size increased with age
(fig 1). The rate of decline of AWUV with
age was the same for both men and women
(men: AWUTV = 23-0-13AGE; women:
AWUV = 24-1-0-13AGE). Multiple regres-
sion analysis confirmed that sex was not an
influential factor in the AWUV-age relation-
ship.

Only 33 (26%) of these smokers had mean
AWUtV values below the normal range for
their age-that is, microscopically assessed
emphysema (fig 1). In those smokers with
normal mean AWUV values, the AWLUV-age
relationship was almost identical to that
found in our previous study of 38 lifelong
non-smokers (AWUV = 23 1-0-09AGE in
non-smokers; AWVUV = 22-7-0-095AGE in
smokers with normal mean AWUV). These
results show that within the group of smokers
there existed two subgroups with differing
susceptibility to microscopically assessed
emphysema.
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Figure 1 Relationship between AWUV (@) and age in lung specimensfrom 125
smokers. The upper and lower limits ofnormal mean AWUV (a) are shown. This gray
illustrates that only 26% of the smokers had mean AWUV values which were below th
normal limits.
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Figure 4 Mean AWUVexpressed as a percentage of the
valuefor the lower limit ofnormal mean AWUV in the
three groups; group 1, 1-19 cigarettes per day; group 2,

100 20-29 cigarettes per day; group 3, 30 or more cigarettes
per day. The horizontal line represents the lower limit of
normal mean AWUV. Points below this line represent
microscopically assessed emphysema. The graph indicates

ph that the severity of microscopically assessed emphysema
Pe was not related to daily cigarette consumption.

Figure 2 Mean AWUV
plotted against age in men
(0) and women (0)
showing upper and lower
limits of normal mean
AWUV (.). The
relationship between
AWUVand age was
similarfor both sexes, with
similar proportions of the
male andfemale groups
showing microscopically
assessed emphysema.
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Group 1 20 6
(1-19 cigarettes/day)
Group 2 31 8
(20-29 cigarettes/day)
Group 3 22 10
(30 or more cigarettes/day)
Total 73 24

The proportions of the three groups with microscopically assessed emphys
similar (X2 = 1-14, NS), indicating that daily cigarette consumption was nc
factor in susceptibility to microscopically assessed emphysema.

Similar proportions of the male and female
subgroups of smokers developed microscopi-
cally assessed emphysema (27% of the males,
23% of the females; fig 2). This indicates that
there were no sex differences in the suscepti-
bility to microscopically assessed emphysema.

Only two of the subjects in this study were
pipe or cigar smokers, and one of these had
microscopically assessed emphysema. We
cannot draw any conclusions on the effect of
pipe or cigar smoking on the development of
microscopically assessed emphysema from
this result.

80 Details of the number of cigarettes smoked
each day were available for 97 subjects. Of
these, 26 smoked 19 or fewer cigarettes
(group 1), 39 smoked between 20 and 29 cig-
arettes (group 2), and 32 subjects smoked 30
or more cigarettes each day (group 3). When
mean AWUV was plotted against age for
these 97 individuals, 24 (25%) were found to
have microscopically assessed emphysema
(fig 3). The subjects with microscopically
assessed emphysema came from all three
groups (fig 3), and although a greater propor-
tion of group 3 had microscopically assessed
emphysema, the differences in incidence
between the groups were not significant
(x2 = 1-14) (table).
When the AWUV values were expressed as

80 100 a percentage of the lower limit of the normal
range of AWUV, similar ranges of values
were found in all three groups of cigarette
smokers (fig 4). This result indicates that in
the smokers studied the severity of micro-
scopically assessed emphysema did not
increase with increased daily cigarette con-

Total sumption.
26

39 Discussion
Although the definitions of emphysema refer

32 to the abnormal enlargement of airspaces, the

97 range of normal airspace size remained unde-
fined until our recent study in which we also

wepr described microscopically assessed emphy-
sema as a condition where mean AWUV
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values are below the normal range.9 The
reduction in mean AWUV in a lobe or a lung
will reflect a generalised increase in the
airspace size within that specimen. Micro-
scopically assessed emphysema must, there-
fore, reflect panacinar rather than centriacinar
emphysema.

Only 26% of the smokers in this study had
microscopically assessed emphysema, and the
AWUV-age relationship in smokers with
normal mean AWUV values was found to be
almost identical to that found previously in a
group of 38 lifelong non-smokers. This indi-
cates that smoking is not the only factor
responsible for the onset of microscopically
assessed emphysema, and that those individu-
als with microscopically assessed emphysema
may have an inherent susceptibility to the dis-
ease. Differences in susceptibility to macro-
scopic emphysema and to chronic airflow
obstruction have frequently been noted in the
literature, and this subject has been reviewed
by Sobonya and Burrows." It has been sug-
gested that the susceptibility to macroscopic
emphysema, in particular centriacinar emphy-
sema, in smokers is related to sex"-'4 and is
dose related with respect to smoking habit." 15
We found that there were no sex differ-

ences in the susceptibility to microscopically
assessed emphysema. This is an interesting
observation, since macroscopic emphysema
has consistently been found to be more com-
mon in men,6 17 and it has even been suggest-
ed that women may have some protective
factor against developing the disease.'6 18 Our
findings suggest that this is not the case with
microscopically assessed emphysema. These
results indicate that there may be differences
in the pathogenetic mechanisms responsible
for microscopically assessed emphysema
and those related to the most common form
of macroscopic emphysema, centriacinar
emphysema. It has been suggested that differ-
ent pathogenetic mechanisms are involved in
the onset of centriacinar and panacinar
emphysema 2 51920 and, as mentioned above,
it is likely that the microscopic form studied
here is more closely related to and reflects the
presence of panacinar rather than centriacinar
emphysema. This will be the subject of a
future publication.

Several workers have found the relative
incidence of macroscopic emphysema to be
increased with increased tobacco consump-
tion.'62122 Pride noted that the most obvious
potential cause for the differing susceptibility
to chronic airflow obstruction in smokers
(which may be related to emphysema) is dif-
ferences in exposure to tobacco smoke.23 We
were interested to examine the relationship
between smoking habit-that is, exposure to
tobacco smoke-and the susceptibility to
microscopically assessed emphysema in order
to investigate whether susceptibility was
related to dose.
We found that the differences in suscepti-

bility to microscopically assessed emphysema
observed in our study group did not appear to
be due to differences in smoking habit. Daily
cigarette consumption was therefore not the

primary factor in determining an individual's
susceptibility. In addition, the severity of
microscopically assessed emphysema was not
related to daily cigarette consumption.

Tobacco consumption was assessed by
recording the number of cigarettes smoked
each day. Daily cigarette consumption was a
more appropriate measure of tobacco dosage
for the purposes of this study than pack years.
This is because both pack years and AWUV
are related to the subject's age, and thus the
true relationship between the degree of tobac-
co consumption and AWUV would be con-
fused by the effect of age.

It is accepted that smoking histories
obtained by interviews with patients (includ-
ing estimates of pack years) are subject to
inaccuracies. When questioned, many
patients underestimate their tobacco con-
sumption.24 Nevertheless, the three broad
groups of smoking habit selected for this
study represent a range of tobacco consump-
tion from light to severe.

Given that inaccuracies in smoking habit
information do occur, we would expect that
the subjects in all three groups will have
underestimated the extent of their actual
smoking habit, and yet even in the group of
heaviest smokers, 69% of subjects had nor-
mal AWUV values for their age. It would
therefore appear that, while smoking is
undoubtedly related to the onset of micro-
scopically assessed emphysema, smoking
habit is not the major factor in determining
an individual's susceptibility, or in determin-
ing the severity of microscopically assessed
emphysema which susceptible individuals will
develop.

Several authors have previously comment-
ed on differences in susceptibility to emphy-
sema and related conditions in smokers.
Anderson et al suggested that, since large
numbers of individuals with heavy tobacco
consumption did not develop macroscopic
emphysema, the variations in susceptibility to
the disease were not accounted for by smok-
ing habit alone.'5 Pratt has also noted differ-
ences in susceptibility to centriacinar
emphysema amongst heavy smokers,25 and
Pride has stated that wide differences in sus-
ceptibility to airflow obstruction in smokers
are not explained by variations in dose of
smoke.23
We feel that the percentage of our study

group with microscopically assessed emphy-
sema may not reflect the true incidence in the
general population as our sample was subject
to selection factors, in particular the fact that
the majority of the specimens were obtained
from surgical resections for treatment of lung
cancer. It is possible, since lung cancer and
emphysema are both associated with tobacco
smoking, that the susceptibility factors
responsible for these conditions may be relat-
ed, and this could have affected the observed
incidence of microscopically assessed emphy-
sema. Furthermore, the subjects had to be fit
enough to undergo major surgery and had to
have adequate pulmonary function. Although
the smokers came from a wide age range
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(33-85 years), most (86%) of the subjects
were between 50 and 70 years (mean age
61d1 years). It is apparent from the results
presented here, however, that the suscept-
ibility to microscopically assessed emphysema
is similar in men and women and is related to
tobacco smoking. Daily cigarette consump-

tion does not, however, appear to be the most
influential factor in the susceptibility to and
severity of microscopically assessed emphy-
sema.

Most studies of the pathogenesis of emphy-
sema fail to recognise that smokers are not a

homogeneous group. The results presented in
this paper indicate that differences in suscep-

tibility within the smoking population must
be recognised before the pathogenesis of the
various forms of emphysema can be fully
understood.

This study was supported by the Norman Salvesen
Emphysema Research Fund.
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